Abstract
Introduction
Acupuncture has been used to treat diseases for at least more than 2,000 years [1] . According to the Huang Di Nei Jing Su Wen [2] , acupoint specificity is an essential principle [3, 4] , which means that the therapeutic efficacy mainly results from the correct acupoint choice and acupuncture effects are absolutely related to the appropriate acupoint selection during the treatment. Although many researchers believe that a placebo effect is the best explanation for acupuncture [5] , acupoint specificity was strengthened by evidence from both clinical practice [6, 7] and basic exploration [8] .
However, studies usually focus on different acupoints; the difference between namesake acupoints has been ignored in both clinical and experimental settings so far. In the Yellow Emperor Neijing , it is stated that 'if someone has a disease related with the left side, the treatment point is on the right side, and vice versa', '巨刺' and '缪刺' [2] , which emphasizes that specific lateral-side acupoint stimulation might lead to therapeutic advantages under specific conditions. Particularly, this idea has been developed into the concept of contralateral acupuncture in recent years [9, 10] , and we summarized this as acupoint laterality [11] .
The goal of this short review is to discuss the state of the art, the evidence, and the perspective of acupoint laterality.
Evidence of Acupoint Laterality
Our previous studies have shown that thermostimulation could result in an increase in blood perfusion not only in the local area [12] but also in the same area on the contralateral side [13] . This phenomenon can be observed both in the upper limb [13] and the lower limb [14] but not around the periumbilical area [12] . Research has indicated that bilateral blood perfusion of the same area might be due to special relationships; it has to be taken into account that the distribution of blood perfusion has specificity and the blood flow at the acupoint increases, whereas the blood flow at a nonacupoint only changes slightly by the same stimulation [15] . Our previous study focused on the blood perfusion changes resulting from acupuncture. Another previous study also indicated that acupuncture at the Hegu acupoint (LI4) significantly increased perfusion at this acupoint but not at a nearby nonacupoint [16] . Thus, firstly, we observed a blood perfusion change in LI4 after the contralateral LI4 was stimulated. Totally, 140 healthy volunteers were recruited and the results indicated that either unilateral LI4, stimulated by manual acupuncture, caused the blood perfusion in the contralateral LI4 to increase significantly during 150 min after stimulation [17] . This work was partly supported by Kubo et al. [18] . However, stimulation of the LI4 acupoint with a metal needle will produce insufferable pain and is accompanied by whole-body reactions. Recently, the laser needle as an alternative method to manual acupuncture has been used in many studies because it is effective not only as a treatment method but also as a research tool [19] [20] [21] . It can simulate traditional acupoints while also reducing the stress effect resulting from metal needles. In order to eliminate the noise effect resulting from manual acupuncture, needle acupuncture was replaced by laser acupuncture. The blood perfusion of the left LI4 increased after the right LI4 was stimulated. Wavelet analysis results suggested that the increased blood perfusion might be related to the endothelial, neurogenic, and intrinsic myogenic activity of the vessel wall [22] .
Unilateral LI4 stimulation on either side resulted in blood perfusion changes in the contralateral LI4; but what are the differences between the sides? In other words, are the effects the same, or how can they be differentiated? To answer this question, a system identification algorithm was applied to analyze blood perfusion, and the results suggested that differences exist between the left and right LI4. The function of the namesake LI4 is asymmetric [23] .
According to traditional acupuncture theory, the function of acupuncture points is limited. Given that an acupoint can treat all disorders, the basis for acupoint specificity might disappear. LI4 belongs to the large intestine meridian, which means LI4 has little or no effect on cardiac symptoms. On the other hand, Neiguan (PC6) belongs to the pericardium meridian and is usually used as a decisive acupoint in cardiac symptom treatment. Nevertheless, unilateral effects of both PC6 and LI4 on heart rate variability (HRV) have been observed. In these studies, healthy subjects were recruited and a cross-over design was applied. Consistent with our expectations, the different sides of PC6 have different effects on HRV [24] , while LI4 does not have these effects [25] . Recently, the laterality of Quchi (LI11) has also been explored ( fig. 1 ) [26] . Although the evidence is not clear, our results indicate that in patients with hypertension, different-side LI11 stimulation can also produce different results, which might indicate that acupoint laterality is associated with the functional state of subjects [26] .
Perspective of Acupoint Laterality
At the behavioral level, lateralization is expressed in side biases for perception, motor output, and information processing. For a long time, lateralization was considered unique to humans, but recently, it has become clear that lateralization is a fundamental characteristic of the organization of the brain and behavior in vertebrates [27] and invertebrates [28] . Not only is lateralization common to vertebrates, but there also appears to be a common pattern of lateralization, which has been retained amongst all of the major groups of vertebrates [29] [30] [31] . Lateralization of the brain and behavior usually refers to the fact that the hemispheres of the brain control behavior differentially. It is also known as hemispheric or cerebral specialization [27] . For acupoint lateralization, we refer to the functional specialization of namesake acupoints under certain conditions. Some clues of acupuncture point lateralization have been captured by our very preliminary studies, and the important role of these clues in promoting the development of acupuncture has been appreciated by previous studies. However, the issue of acupoint lateralization has not yet been entirely elucidated. We believe that answering only the following questions might shed light on the uncertainties surrounding acupoint lateralization.
The first question is the relationship between acupoint lateralization and handedness. We do not know whether acupoint lateralization is an independent characteristic or a char- acteristic associated with handedness. According to a survey, only 7.6% of the children of two right-handed parents are left-handed. The percentage of left-handed children increases to 19.5% if one of the parents is left-handed and to 54.5% if both parents are left-handed [32] .
The survey results suggest that handedness is closely related to the genetic background. On the other hand, although offspring of left-handed parents are more likely to be left-handed than offspring of right-handed parents, right-handed offspring can be produced by two lefthanded parents, which means that the genetic background is not the only decisive factor in the epigenesis of handedness. Similarly, the epigenetic factor of acupoint lateralization should be explored. By describing correlations between genetic information, environmental factors, and the development or expression of lateralization, or by manipulating genetic and environmental factors using animal models, such insights can be gained. The second question is whether acupoint lateralization is a phenomenon at the population level or at the individual level. So far, the survey data on acupoint lateralization are still scarce. According to some views, if the population is not lateralized even though individuals are, the evolutionary significance is debatable, and, therefore, some scientists prefer to concentrate only on lateralization at the population level. However, although acupoint lateralization is reflected in the individual, we believe that the potential therapeutic value of lateralization should be further explored.
The third question is whether this lateralization can be changed under special conditions. In biology, fluctuating asymmetries, consisting of random deviations from bilateral symmetry in individuals, have been described for a number of different species, including fish. They are associated with environmental stress or reduced heterozygosis and are believed to be due to the incapacity of individuals to undergo identical development on both sides of the body [33] . From our results, LI4 has no lateralization effects on HRV in healthy subjects, whereas LI11 has lateralization effects on HRV in patients with hypertension. We think lateralization might also fluctuate under certain conditions.
In our opinion, these three questions are directly related to the core of acupoint lateralization. Only if these questions will be answered, will acupoint lateralization truly be considered; in standardized clinical practice, acupuncture point selection may become more accurate and optimized, and the point prescription may be more reasonable.
